Abstract. The objective of this study was to reveal the health effects of acrylonitrile (AN) in seven Japanese acrylic fiber manufacturing factories. The study subjects were 157 AN-exposed male shift workers who had been exposed to AN for 17 years on the average and 537 control workers whose working conditions were similar to those of the AN-exposed workers. The seven factories were classified into two groups according to their AN exposure levels in 1987, and also into three groups on the basis of 1976 exposure levels. The most highly exposed group of subjects showed a mean AN concentration of 1.13 ppm by personal sampling. Medical examination failed to detect any health effects attributable to long-term exposure to AN, although the existence of some symptoms of acute irritation could not be completely ruled out. The results of this study may provide a "no observed effects level" for human on-the-job exposure with regard to the health effects examined here. (Keio J Med 41 (3): 154-160, September 1992) 
Introduction
Health effects of acrylonitrile (AN) for exposed workers were first reported by Wilson.1 Thereafter, several reports on acute toxicity in AN workers were published.2-4 From the late 50's to the early 60's, Kojyo, Suzuki, and Kondo2,3,5 reported on chronic effects of AN and stated that the prevalence of subjective symptoms and liver damage were higher than in control workers. But these reports had several problems in terms of study design in that there were no appropriate control groups nor any information on the level of AN exposure in the work environment. Sakurai et al6 analysed health examination records of AN workers for a period of approximately 10 years up to 1970, and concluded that mild liver injury appeared to have been caused by relatively low exposure levels in the 1960's. His conclusion was based on the findings that the pre valence of subjective symptoms and abnormal values for some liver function tests significantly increased in association with the amount of time exposed to AN on the job. However, in 1976, Sakurai et a17 failed to detect any relationship between health effects and AN expo sure levels in workers who were exposed to AN for five years or more and whose exposure levels to AN were 4.2 ppm TWA or lower. But the study did suggest that slight liver damage might have occurred in more highly exposed workers, and it did not survey subjective symptoms. The objective of this study was to examine health effects of AN on workers, with special reference to liver damage due to long-term exposure to AN, in seven acrylic fiber factories in Japan by evaluating expo sure levels and conducting medical examinations in cluding assessment of subjective symptoms.
Methods

Subjects
A cross sectional study was performed between April and December 1988, in seven acrylic fiber factories of seven different corporations in Japan.
There were 457AN workers in total in the seven factories. As study subjects, 157 male shift workers were selected who had been exposed to AN for more than five years on the production lines. A control group consisted of 537 non-AN-exposed male shift workers in polyester fiber plants, power supply and finishing branches of Exposure level to AN was evaluated by time weighted average concentration (TWAC) and the concentration of personal sampling. TWAC was caluculated by multi plying the arithmetic mean concentration of AN in work places, determined by area samplings, by the time spent at the workplaces, disclosed by time study. Acrilonitrile in the air was analysed by a gas chromatograph. The personal samplings were made on two consecutive days in each factory. For the personal sampling, an organic solvent gas monitor (3M #3500) was used. Acrilonitrile was desorbed in carbon disulfide and analysed with the gas chromatograph.
Medical Examination
Medical examination included analyses of past illnesses, work history, history of AN exposure, smoking and drinking habits, subjective symptoms, physical exami nation, routine urinalysis (protein, sugar, urobilinogen), hematological examination, liver function tests, and chest X-ray. The prevalence rates of subjective symptoms were surveyed by using a questionnaire in which 60 multiple choice type questions were included. The hematological examination included hemoglobin con centration, red blood cell count (RBC), hematocrit, and specific gravity of whole blood. Liver function tests included glutamic oxaloacetic transaminase (GOT), glutamic pyruvic transaminase (GPT), r-glutamyltrans peptidase (r-GTP), zinc sulphate turbidity test (ZTT), and total bilirubin. The screening levels of the urinalysis, hematological examination, liver function tests, blood pressure, and chest X-ray are shown in Table 1 .
Results
Exposure evaluation
The seven factories were classified into two groups, namely, Groups A and B, by AN levels in workplaces estimated by TWAC (Table 2) . If the mean TWAC in a factory was lower than 0.3ppm, then the factory was the previous study was also employed. This classification was referred as the old classification, and each factory group was designated as either a, b, or c in order of increasing concentration as observed in the previous study (Table 2) . According to the current AN level, group a showed the highest concentration, and group c the lowest.
Medical examination
Because the main purpose of the study was to in vestigate dose-related health effects of AN, the subjects were divided into two groups, A and B, according to the degrees of present exposure estimated for each factory, and also into three groups, a, b and c according to the Table 2 Classification of AN Factories Table 3 Data for Evaluation of Acrylonitrile (AN) Exposure Table 4 . The age distributions of the exposed and control subjects were well matched in each factory group. However, the mean age of group B was slightly higher than that of group A. There was also a slight difference between groups A and B in the mean length of AN expsoure. There was no difference between the two groups in drinking and smoking habits. Medical histories did not suggest that any subjects had been seriously affected by AN.
According to the new classification of the factory, prevalences of subjective symptoms such as heaviness in the stomach, decreased libido, poor memory, irritability, reddening of the conjunctiva, and eye pain or lacrimation were significantly higher in the AN group than in the control group (Table 5) . Prevalences of heaviness in the stomach, decreased visual acuity, blurred vision, eye pain or lacrimation, and rashes or pigmentation of the skin were higher in the AN group than in the control group when the old classification system was used. There was no difference between the exposed and control groups in the prevalences of physical signs, urinalyses, hematological examinations, hypertension or chest X-ray, regardless of factory classification (Table 6 ).
When the new classification was used, no significant difference was observed between the exposed and con trol group in the prevalence rates of abnormal liver function tests (Table 6 ). Using the old classification, however, the prevalence rates of abnromal GPT and ZTT values were higher in the exposed group than in the control group in factory group a, but no dose-response relationship was observed.
Discussion
Subjective symptoms caused by long-term exposure to AN have been reported to be as follows: headache, head dullness, general fatigue, iritability, anorexia, nausea, vomiting, heartburn, gastro-intestinal symptoms, shortness of breath, nasal bleeding, sleep disturbance, arm fatigue, and excessive perspiration.2,3,5.6,8 The prevalence of heaviness in the stomach was significantly higher in the exposed workers than in control workers with either factory classification. Further analysis revealed that only one factory was responsible for the higher prevalence rate. However, there were no significant differences in the prevalence of other gastro-intestinal symptoms such as anorexia, nausea, vomiting, stomach ache, and heartburn. Therefore, the higher prevalence and lacrimation have been reported as acute symptoms. 3 The maximum exposure concentration by personal sampling was 1.40ppm in the factory. It is highly unlikely that the eye symptoms were caused by such a low level of AN exposure alone. Considering that the prevalences of the three eye symptoms were higher in one factory while no such findings were observed in the other six factories, it would be reasonable to assume that some other causes might be present. Transient high AN con centrations, not detected by personal sampling, or toxic substances other than AN might be the cause of the eye symptoms. This will require further investigation. There was no significant difference in the prevalence of reddening of the conjunctiva by physical examination between the exposed and control workers. This implies that no significant eye lesions existed in the exposed workers.
The prevalence of decreased libido, poor memory, reddening of the conjunctiva and irritability were higher in the exposed group than in the control group, but only when the new classification was used. Decreased libido, poor memory and reddening of the conjunctiva are not considered chronic effects of AN because they have not been reported as symptoms caused by long-term ex posure to AN, and the present level of exposure is con siderably lower than past levels. The question remains as to whether these symptoms might be new symptoms due to the length of expsore to AN being longer in the present study than in previous studies. If so, significant differences between the exposed and the control groups, as well as a dose-response relationship, should have been observed when the old classification of the factories was used. The reason that the old classification might be more appropriate for disclosure of the long-term effects of AN is that there was a considerable difference among factory groups in the exposure level of AN at least until 1976, while no great difference was observed in the present level of AN exposure among factories. Neither a significant difference nor a dose-response relationship was observed when the old classification was used, thus nullifying the above question. Irritability has been reported to be caused by long term exposure to AN, but the same reasoning would apply. Reddening of the conjuncitva has been reported as an acute symptom of AN exposure3, so there ramains a question as to whether the higher prevalence in AN workers in group B might be a reflection of an acute symptom. However, it may not be clinically significant because the difference was due to a higher prevalence in only one factory where the prevalences of other eye symptoms were not higher. In addition, there was no significant difference in the ob jective sign of reddening of the conjunctiva.
The prevalence of rashes or pigmentation of the skin, which has not been reported as a chronic symptom caused by long-term exposure to AN, was significantly higher in the exposed workers according to the old classification. However, this finding may not be clinically important because no dose-response relationship was observed. There was also no significant difference in the objective sign of skin lesions.
To summerize the subjective symptoms, it may be safely concluded that subjective symptoms caused by long-term exposure to AN were not observed at the time of the present study, although significant differ ences were observed sporadically between AN and con trol workers with respect to several acute symptoms related to irritation.
Sakurai et al6 analysed health examination records of AN workers for a period of approximately 10 years up to 1970, and found that abnormal values of some liver function tests increased significantly with increasing time spent at AN-related jobs. However, the study which was done by Sakurai et al7 in 1976 using the same factories failed to detect any health effects, including changes in liver function tests attributable to AN. The present study was performed using the same factories 12 years later, thus the mean length of AN exposure was 17 years, approximately 7 years longer than in the previous study. Liver function tests are known to be influenced by alcohol intake, which was not assessed in the previous study. The results of the present study, however, were not biased by alcohol intake, since there was no differ ence in drinking rate between AN and control workers. As indicated by the results of symptom analysis, it may again be safely concluded that abnormal liver function attributable to AN exposure did not exist at the time of the present study in acrylic fiber factories in Japan.
Although some authors have reported anemia in AN exposed workers,9 Sakurai et al7 did not find a higher prevalence of anemia in AN exposed than in control workers. The result of the present study adds to the evidence that anemia attributable to AN exposure does not exist in acrylic fiber factories in Japan.
